Comment on "Pronounced Enhancement of the Lower Critical Field and Critical 
Current Deep in the Superconducting State of PrOs4Sbi2" 
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Cichorek et al. [H reported enhancements of the lower 
critical field Hci{T) and critical current Ic{T) in su- 
perconducting PrOs4Sbi2 below a transition tempera- 
ture Tc3 « 0.6 K, and speculated that this reflects a tran- 
sition between superconducting phases. Features have 
been observed near T^s in other properties, but not in 
the specific heat. We report muon spin rotation (/xSR) 
measurements of the penetration depth A in the vortex 
state of PrOs4Sbi2 near Hd , that to high accuracy ex- 
hibit no anomaly Tcs and therefore cast doubt on the 
putative phase transition. 

In a Type-II superconductor Hd = <i>o(lnK + c)/47rA^, 
c « 0.5, where $o is the flux quantum and k is the Ginz- 
burg-Landau parameter 2]. Modiflcation of the super- 
fluid density ps by a phase transition should affect both 
A = {mc^/iTre^psY^^ and Hd. A feature observed near 
Tc3 in rf inductive measurements of A Q is too small to 
account for the observed enhancement of Hd [H- 

In the transverse-fleld /iSR technique the spectrum of 
muon precession frequencies gives the local-field distribu- 
tion function, which depends on A in the vortex state 
/iSR experiments were carried out at the ISIS /iSR facil- 
ity on a polycrystalline sample of PrOs4Sbi2. Strong 
de Haas-van Alphen signals obtained from similarly- 
prepared crystals [3| attest to their high quality. Data 
were taken in low applied fields H ^ 25 and 40 Oe, the 
former corresponding to an internal field H' ^ 32 Oe at 
H' = Hd{T) after demagnetization correction. This is 
close to the estimated unenhanced value of Hd (0) [ij , so 
that in the absence of enhancement H' should be > Hd ■ 

The data are well fit by the Gaussian relaxation func- 
tion G{t) = exp(— icr^t^) cos{ujf_i,t-\-9). Figure [T] gives the 
average muon spin precession frequency 0J^{T) and relax- 
ation rate cr{T) at 25 and 40 Oe. There is no discernible 
anomaly at Tc3, and no evidence that H' < Hd- Similar 
results are found at higher fields 5] . 

The rms width 5-Brms of the field distribution in 
the vortex state is estimated by where 7^ is 

the muon gyromagnetic ratio. In the London model 
SB^^^ = 0.00371$g/A4 0, i.e., Hd and SB,n,s are (es- 
sentially) proportional to $o/A^ and therefore to each 
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FIG. 1: (Color online) nSK in superconducting PrOs4Sbi2 at 
applied fields H = 25 Oe (open symbols) and 40 Oe (filled 
symbols). Dashed lines: Tcs from Ref. (a) Muon spin 
precession frequency aj^(T). Circles: sample. Triangles: ref- 
erence, (b) Gaussian muon spin relaxation rate cr(r). 

Other: Hd/SB„^s = 1.31(lnK -t- c) « 5.0 in PrOs4Sbi2. 
Thus a ~50% enhancement of ifci(O) [H implies a sim- 
ilar enhancement of a{Q) contrary to our results. From 
cr(0) we estimate Hd{0) ~ 50 Oe, of the order of the ob- 
served value, so that other broadening mechanisms, such 
as vortex-lattice disorder or a distribution of demagnetiz- 
ing fields, are unlikely to dominate the muon relaxation. 

These results and the absence of a specific heat 
anomaly at are evidence against a phase transition 
associated with the enhancement of Hd at low temper- 
atures in PrOs4Sbi2. The enhanced critical current sug- 
gests that flux pinning effects, which generally become 
stronger at low temperatures, are involved. 
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